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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain an org. electroluminescent 
element which is excellent in luminescent efficiency and emits light 
with a high luminance by sandwiching a layer contg. a 
benzodiacenaphthylene deriv. between a pair of electrodes. 
SOLUTION: This element has at least one layer which contains at 
least one benzodiacenaphthylene deriv. and is sandwiched between 
a pair of electrodes. The deriv. is pref. a benzoCl^-a.S^-a*] 
diacenaphthylene deriv. or a benzo[l:2-a,4:5-a']diacenaphthylene 
deriv., an esp. pref. compd. being represented by formula I or II 
[wherein X1 to X14 are each H, halogen, a linear, branched, or cyclic 
alkyl or alkoxy group, aryl. or -COOR (R is H, alkyl. aryl, or aralkyl)]. 
The deriv. is used pref. as a hole injection and transport component, 
a luminous component, or an electron injection and transport 
component. 
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[«rtTI*#©eH] 

[ 1 : 2-a , 3 : 4 -a ' ] i? T i? 7 ^ U V8$>g#£ !t 1*^ 



[ 1 : 2-a . 4 : 5-a 1 ] i>T± -± 7 f- U ^mmfrX'h i> IS*JS 1 
(1) feSt (2) «bl) 




(1) 




X 9 X B 

Ji *m-tzm#m i - 5 sBttofimmjMBstesft^o 

[00 0 1] 
[0 0 0 2] 

HIEL*-?-) ASBBftStLfc [Appl. Phys. Lett., 51 , 

913 (1987)] . «MWHB#**-tt* *jtett*T«Mfc'&4* 
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50 



(2) 



X 5 

tf, »6) o.38** s ^rffi*Cib5„ 

*«F»«r*Ti-6*r««*3S3ie:ilf «*^)363te*^ 

1^6 [J. Appl. Phys., 65 , 3610 (1989) ] „ 

LT, t*^ (2-^f;i/-8-^y;7- 
h) (4-7x-;i/7x;7-h) T/is*~-$J*&7fr* 
Mbfrtt, T^y K>«Wfr N->5vU- 2 

»WW3t*W«S*ttV^ (WW8-6 7 8 7 
[0 0 0 3] 

I«M36 S »»LJ: 5i"r$RH] 
[0 0 0 4] 
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lilot -r#;b*>. -S*o«ffiBB^. 
10 0 0 5] 

X, 

X| 1 X I A 



9> #*L<li. ^^[l:2-a,3:4-a']mt7fl/ 
^RWftifcl* [l:2-a,4: 5-a' ] ^Tir-^^^ U V 
R»ft:Tffcf9. «r(r*ff*L<li. (1) £fctt- 

»5t (2) Mb 2) -e*Six5<k'fr«fc-C«)5« 

[0 0 0 6] 

[ft 2] 




(1) 



X I 0 X 9 




X g X s 

[5£t>.- Xi ~Xm ttTKIRJR^ />oy^ KM* 

li-COORl (a<K RttTkSSW^K T 
y-/uS£fcliT^/u*/uS«:Srt-) 

[0007] -Kst (i) ^fcd-^ (2) -css ax 
SSL »«t*fctt»«<or/uaf/ua. E«k 

fc^t^-COORS (K<fU Rtt**IR^-, iE 
7 y-/uS*fcl41*Sttt*tlftW77/i'^IS:» 

>Y V^^^/US. ^^-^>-^/us, tert-^^^^a N 
n — ^3r->/Ug. D^3f.->/US N n — '^^vl'X, 

^^S. 2-3i^/U^*S^USfcjr) . K»»l~8<0 

est »tt*fcttai«t^r/u=^">a * 
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X 5 

n-^h^e->S, ^y^h^">I, n-^^/Utf- 
n n^vvu^fvu;*-*^ 

a^^f) . mmme^i o<75ia«*fcii*ia»or y- 
(Witf, ^31— y^a. 2 ->^/u^zn— /ua, 3 

-^^7x^;ul x 4 — y ^/u^oi— /ua. 4 
/U7ai^-/ua> 4 — n — T/o t°/U"7 ;US, 4 — tert 
-yf/U7x^^S v 2 - * h^y7x^;L-l % 4 

h^y7^^/ul, 3 h^r">7^— ^a. 3-T7/U 
tP7x^l, 4-^PP7x^S, 
a, 2— *-7*vU»*Jf) , 

[0 0 0 8] fc6tMi-COORS [a*. Rtt**JB 
K*S 1 8 *)fi0L »«*fcll»tt©7^/ul 

>^A-a. ^^/ua. n-^dtvua. -yv 

^p^S, n-^f/US, ^y^^/ua, tert-^ 

/ua, n — ^^so-a. -rv^^/ua, ^^^a- 
a wiiii -7^-/ua, 2 -^^/u^zc^yua, 3- 
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y f- ;W7^^j^m, 4-.^f/U7i=;uS, 4-^^vu L<(i. 7k5RflK-?\ ^s/gRKC^K iSSlIR^ 1 ~~ 

7x^1, 4 - n— tr/U7^=^a. 4 -tert— 6 OT/U^r^S. SiSlSS 1 ^ 6 <75T^= ^UtSfc 

^yU^ai^yUS, 2-^ ^v-^^r^ug, ' 4 - 7< h 6~1 0 <DT ]) — -COORl Rf*J^§fi 

^f->^3i^/u£, 3-:t h^-v^^^S. 3-T7/U;*- ft 1 — 6 (7?T/U^^S. »*»6— 1 0 <DT V — /Uj£, 

2— J-^fvuSfeif) *fcl*^*J»7--l 0O«J* [0 0 0 9) ^WIwftS^/^Tt^f i/^R* 

£ N ^-^pn^y^l, 4 10 tf, J. Chem. Soc. . 1462 (1958) t^lB«cO*fetJl «to 

-C*>?K fc. 

1. ^<^y r [l:2-a,3:4-a , ]> ? Tir^7^U'^ 

2. 2 -:7/U;d-n [1 : 2-a, 3 :4-a'] C^Tir^^^UV 

3. 3-^PP^y/[l:2-a,3:4-a']^Tir'f7f l/y 

4. 7 -7;P7f-p^y/[l:2-a,3:4-a'] i?7tt7f L^^ 

5. 2, 5— is? crn^<>'y[l:2-a,3:4-a']v ; rir-^y^U>' 

6. 3, 1 2-v ? 7/^^-^^<>'y f [l:2-a,3:4-a , ] i^Tir^-^^u^ 

7. 7, pb^>y[l:2-a.3:4-a , ]S^rir^7^U'V 

8. 2 -ai^/U-<>V r [l:2-a,3:4-a']> ? Tir^^^ L U'>' 

9. 3 - ^^/^vyfl^-a.SM-a'J^Tir-t-^^U^ 
10. 7 - n -^^/U^<V^[l:2-a,3:4-a'] i^Tir-^y^U^ 

1 1. 7-^^n^^i//U-<>'y'[l:2-a.3:4-a']> ; rir^^^ 1 U'>' 

12. 7 - n - ^-^^u^V-y [1:2-3,3:4-3' ]i/Tir-^7^U^ 

13. 2, 5-v ? -n-^/^y/[l:2-a,3:4-a']^7irt7^uy 

14. 3, 4-i^y^ 1 /^^> r [l:2-a.3:4-a , ]^r"lr-^7^ : -U^ 

15. 4, ll-^fMy^niZ-a.a^-a'li/T^fl/y 

16. 7, 8-^^f/U^y/[l:2-a,3:4-a']i/7tt7f l/y 

17. 7, 8 — i^t^/U'^;/ [l:2-a f 3: 4-a'] i?7tt7f l/y 

18. 7, 8 - ^ y7"p t>-0^[l:2-a,3:4-a'] ^7"trt7f 

19. 7, 8 -i/-n-^^^yU-<^y'[l:2-a.3:4-a , ]^T-t-t-^^U>' 

2 0. 7, 8 -v ? -n-^-^^/U-<^y'[l:2-a. 3:4-3'] *JT^1-77 w:/ 

[0 0 10] 

2 1. 1 -31 h^ri/^<^y[l:2-a,3:4-a'] ^Tir-^^^UV 

2 2. 3-^ h^>^[l:2-a ( 3:4-a']^7tt7fuy 

2 3. 7-;* h^^/ll^-a^M-a'] i/Ti?-*-^ U 

2 4. 7 — n^^^/U^^r'>^^y[l:2-a,3:4-a*] 

2 5. 7 -n -^f/^^y/(l:2-a,3:4-a'] i/Tir^^^ U V 

2 6. 2, 5-v^-n-y h V>^1 :2-a,3:4-a*] C^Tir^T^ u:/ 

2 7. 3, h*i/^>'y[l:2-a t 3:4-a , }i>T*1'7^l'> 

2 8. 2,1 3-v 5 ^: h * [1 : 2-a, 3: 4-a ' ] v?Ti?^7^ U-^ 

2 9. 7, 8-v^ h^*>^>y[l:2-3,3:4-a'] e/7tt7f l/> 

3 0. 7, 8-^ h^^-<^y f [l:2-3,3:4-a , ]v ? Tir^7f 1 U^ 

3 1. 7, 8-^n-7 , o^>^[l:2-a t 3:4-a']mt7fuy 

3 2. 7, 8-^-n-^V^/^^^^^V'[l:2-a t 3:4-a , ]v ? Tir^7^ 

3 3. 7, 8-^-n-^^f"/^^r'>-<>y'[l:2-a,3:4-a , ]> ; Tir^-7^ 

[0011] 50 
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3 4. 2-7x=;i/^y/[l:2-a;3:4-a , ]v?7tt7f 

3 5. 7- (4' -^f/U7*^) ^vy[l:2-a,3:4-a'] i/Tir-^^^U 

3 6. 3, (4* h^r">7*=i/U) -0-y[l:2-a,3:4-a']^Tir 

3 7. 2, 5-5^ (3' — T7/U>d-n ^a^/U) [1 : 2-a. 3: 4-a' ] v^Tir 

3 8. 3, 1 2-^7^-/^^>^[l:2-a,3:4-a'] v ? Tiri-7f L U>' 

3 9. 7, 8-^7s=M^[l:2-a,3:4-a']^7tt7f l/y 

4 0. 7, 8 -is (4' -^f/i^7x^/U) ^y/[l;2-a ( 3:4-a']^7tt 

4 1. 7, (3* -:7/U*-o :7^— yu) [1 : 2-a, 3: 4-a' ] i^Tir 

4 2. 7, 8-^ (4* -^on^^^/U) ^0-y[l:2-a,3:4-a'] ^T-fe-^ 

4 3. 7, 8-v 5 (1* —f?^^) -<>'ytl:2-a.3:4-a']^Tir^^^U' 

4 4. 7 -T7^^/U- 8 - (4' h^v^^^/U) ^>/[l:2-a,3:4-a 

[0012] 20 

4 5. [l:2-a,3:4-a , ]^rir-^-7^ L U'V- 7 -A^^Vftsf 

4 6. ^>/[l:2-a,3:4-a']i ? 7tt7f l/y- 7 -^/Ustfl^K- n 

4 7. [1: 2-a. 3: 4-a'] C^Ttt7f Uy - 7 -^A-^ n^*- 

4 8. ^^^[1:2-3.3:4-3*] v^rir^-^^u^- 7, 8 

4 9. ^>-V r [l:2-a 1 3:4-a']^Tir-t"^f L U>'-7-^/U7K^-8-^/l- 

^ y^xf;Ux -7VU 

5 0. -<>^[l:2-3. 3:4-3*] iST*'f-7<?\s>- 7, 8 -S^7A^>»i>7< 

5 1. -<>y[l:2-a,3:4-a , ]^rir^-7^U'>'-7, 8 - /M< S^t 

5 2. ^y/ll^-a^M-a'] ^Tir*^:^ U 7, 8 - t^/U^^g^- 

n — z/^vu^jx-r/u 
5 3. ^y/[l:2-a,3:4-a*] v?Tir^7^U>- 7 -^/U/tf ^vu- 8 

5 4. -<>^[l:2-a.3:4-a'] ^Tir^-^^U^-7, 8 - i^fc/M* V&i^ 

5 5. -0-^(1:2-3, 3:4-a'] ^Tir-*"^ UZ^- 7, 8 -S^J/totf^Bt^ 

(4' -^^vi^^—A') ji^t^/U 

5 6. -0^[l:2-a.3:4-a']^Tir-^^^U>» 7, 8 -^*/UsK^tt^ 

( 4 ' — ^ u d 7 i^/t') zn^yvU 

5 7. ^^^[1:2-3. 3:4-a'] isT*-}"?? 7, 8 - 5/*/UsJ? V&v 1 

(2* -t^f/l') :r.*7VU 
5 8. ^y/[l:2-a,3:4-a']^tt7f l/y- 7 -*^y8^f^- 8 
- # /U # 7 3i ^ /Urn * X /I- 

5 9. : 2-a.3: 4-a' ] 'v?rir^7^- U^- 7, 8 - i^/U^V'Ri''* 

6 0. -<>-y[l:2-a t 3:4-a'] ^T-fe^^^U^- 7 ( 8 -S^tz/Utf^K^ 



g 
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(4' -^^/U-OCz/U) 



[0 0 13] 



[0 0 14] 



[0 0 15] 



6 1. 
6 2. 
6 3. 
6 4. 
6 5. 
6 6. 
6 7. 
6 8. 

6 9. 

7 0. 
7 1 . 
7 2. 

7 3. 
7 4. 
7 5. 
7 6. 
7 7. 
7 8. 

7 9. 

8 0. 
8 1. 
8 2. 
8 3. 
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8 7. 
8 8. 

8 9. 

9 0. 
9 1. 

9 2. 
9 3. 
9 4. 
9 5. 
9 6. 
9 7. 
9 8. 

9 9. 
10 0. 
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^^^[1:2-3.4:5-3'] v 

1 -^^3^-<^y[l;2-^ 1 4:5-3 , ] i/T±-T7^^> 
2-2 v n'O-y'n :2-3, 4:5-3' }i/~T±-f7 ^Uls 
3 [l:2-3 t 4:5-a*] ^Tir-^:^ U>- 
7 n n-oy[i:2- ai 4:5-3'] v^Tir^^^U^ 

2, 5 - ^^/U^-n^V^ti: 2-3, 4:5-3' J^T-t?-^^^ U> 

3, 4 - n ci-i^v r [l;2-3,4:5-a , ]C/T-fe^^^U'>' 

2, 8 - ^7/U^-o^<V^[l:2-3, 4:5-3'] v 5 

3, 1 l-;^Dn^y/[l:2-a,4:5-a']v/ 
7, 14 - v^/l^n^vy [l:2-a,4: 5-a']^Tir -T7*$- U> 
7, 14 -v^ n o^<^> r [i;2-a,4:5-a']^7ir^-^^U'> 
2, 5, 9, 1 2 h7^ -n n -O-y [1 : 2-s , 4 : 5-a ' ] 
U>- 

2 -xf^y/fl^-aJiS-a']: 

3 f;u-«y/[l: 2-a ,4: 5-s']^: 
7 ->^/U-<^y[l:2- a ,4:5-3']^: 
7 -n -y^/U-O-y [l:2-a,4:5-a'] v 

1, 6-i/-n-yf/^y/[l:2-a,4:5-a']: 

2, 5-^^/U-<>y[l:2-3,4:5- a ']v 

3, 4 — S^f V^o tVU-<y/[l:2-a,4:5-a'] : 
3, 1 1 -^xf;^yy[i;2- ai 4:5- a '] v 
7, 1 4 -^>^vi"Oy[l:2-3. 4:5-3*] 
7 , 14 -v^ tVu^^yfl^-s. 4:5-3*] i/Tir^^^U^ 
7 , 14 -i?- n -yf;^y/[l:2-a ( 4:5-a']^tt7f l/y 

.7, 1 4-> ? -n-^^r'>/U-<^y[l:2- a ,4:5-a , ]v ; Tir^^^U^ 

3, 4, 10, 1 1 Y7ff- /^yy[l:2-a,4:5-a'] ^±^7 

1 b*is^l/y[\:2-a.4:5-a']i>T±-r73 L l'>> 
3 -3i h ^C^-O-y [1:2-3, 4:5-3' ]i>T±-T7^U^ 

2, 
3, 
3, 
7, 
7, 
7, 
7, 




5- y/D^'>Ky/[i:2- at 4:5- a '] 
4 -v^ h^r^>-<^y[l:2- a , 4:5-3'] ^Tir^^^U^ 
1 1 h^r'>-<yy[l:2-3. 4:5-3*] ^Tir-f-7^U> 

1 4 -^-f y^UTK^^vyfl^-s^^-a'l^T-fe-^^^U'^ 
-y h ^'>-<^y [l:2-a. 4:5-a* ]C^Tir^-75 L U'>' 
1 4 n — ^fv'/U^-^rC/^oy [l:2-a,4:5-a '] ^Tir-^^ 




7- h V S 
10, 11 --r h7=^ 



2- (4 ' ->f;U7x^) 



1:2-3.4:5-3* 



1:2-3. 4:5-3*]^Tir 



^[1:2-3.4:5-3*] i^T±-T7^U 
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10 2. 3—Z7xL=*/l"<y*S[\:2-a,4:5-a t ]i/T±-}-7?-\s>' 

10 3. 3, 4-v? (3* -7/U2j-a7*=/W) [1 : 2-a .4 : 5-a' ] C^Tir 

104. 4,1 0-^73L=./U^oy r [l:2-a.4:5-a , ]v ? Tir-^7^U'^ 
10 5. 7, 1 4 -^^^^^-<>y'[l:2-a,4:5-a'] v^Tir^-^^U^ 
10 6. 7, 14-v 1 (2' ^<>;/[l:2-a,4:5-a']^T-tr 

10 7. 7, 14-'^ (4* -^f/U7x-;U) [1 : 2-a.4:5-a*] v^Tir 

10 8. 7, 14-y (4* -tert— Zf^^V * =/U) :/ [1 : 2-a, 4 : 5-a' ] 

109. 7, 14-^(4' h^^7*=;u) 'O'y'U :2-a.4:5- a '] v>T 

110. 7, 14-i/ (3* -7/^P7i^;U) ^y/[l:2-a,4:5-a']^T 

111. 3- (4* ->f/U7x^;U) -7, 14-^7x-;^y/[l;2-a 
^S-a'l^Tir-J-^u:/ 

112. 3, 4, 7, 1 4-f h77x-^y/[l:2-a,4:5-a']^7tt7 

113. ^^;/[l:2-a,4:5-a']^Tir-*-:7^u:/- 7, 1 4 -S^fc/UsKvK 

114. '<» r [l:2-a.4:5-a , ]i f Tir-^-7^-U>-7— 1 4 
/Ujtf>-®£- n — ^^vUj^^vu 

115. ^^^[1: 2-a. 4: 5-a'] i/Tir^^^ U^- 7 , 1 4 - v^/M^Bfcv* 

116. ^<> , y[l:2-a.4:5-a , ]-^ ; Tir^7^U'>'- 7, 1 4 - V^v 5 

117. ^y/[l:2-a,4:5-a']^tt7f 1 4 - i^/l^ 

— n-^f/^^f^ 

118. ^^[1:2-3.4:5-3'] S^Mr-t- :7^U>- 7, 1 4 - So^U^Vftv? 

119. -O^tl^-a^^-a'l^Tir-^^^u^-?, 1 4-*s$ tutf>Wt*J 

— n -^^yy^^f^ 

12 0. '<^> r [l:2-a.4:5-a , ]^Tir"t-7^U^- 7, 1 4 — ^/UsK^K^ 

— n -xJ-^^/U^;*-7VU 

12 1. ^^[l^-a^S-a'^T-fe-^^UV- 7, 1 4 - i^/Urt? Vgei/ 

12 2. -iy/[l:2-a ( 4:5-a , ]i ; Ttt7f l/>-7 ( 1 4-^/^fyS^ 

(4 ' ->f/U7x^/u) ^;*tvU 

12 3. 'O;/ [1:2-3.4: 5-a'] i/Tir -t"^^ U >- 7, 1 4-^/^y^ 

(3* -7/UtP7x^;l') aix^yu 

12 4. -<>y [1:2-3,4:5-3'] v^Tir^^U^- 7 , 1 4 - S^/Urf? 

12 5. -<^y [l^-a^^-a'l^Tir^^U^- 7, 1 4-y*/^^ 

12 6. ^l'*S[\:2-a.4:5-a t ]isT1z.-i-7 i 7-l'>~-7 , 1 4 — S^/Utf^Sfct' 

(4* ^/U^^-^/U) m^vvU 

12 7. -<^y[l:2-a,4:5-a , ]v ; Tir^7^U^-7 ( 1 4 -is$/Utf>Wtis 

(4* — ^ a ci^V^'/U) ^^x/U 
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12 8. ^^^[1:2-3.4:5-3'] i/7± 
(4 ' h^Cz-O-ez/u) 
[0 0 17] -O-y^Tir-^^^U^^fffi. Mx. 
14, J. Chem. Soc. . 1462 (1958). Tetrahedron., _22 
2957 (1966) , J. Amer. Chem. Soc. , 61 , 2733 (1 

939) \ztd,ifc<Dxm\c&<>xmmi-% ^ k&T*$ % 0 -r 

>:/[l:2-a,3:4-a'] isT*-*"??- 7, 8 — Sx^/U 10 

y $j*&&mtv\Fm$i£s tn-mtmrnzit 

%Zt\^3:ty M^-tZ Z t a*T# <5 0 W?L&. 7, 8- 
i>TV — /U-O-ytl^-a.S^-a'] ^7tt7f l/VR* 
ft:fi s ^aiy [aa'] ^Tir^:?^ l^<t ^^vu^^K* 

M*.!*, ^[1:2-3,4:5-31^7 
7 t 14 

^tt^T/u^u^^x/uRWflEJ: 9 8 
y*>^u^[a] Tir-^^UV- 7, 9— i^fr/Utf 20 

[oois] *««*WB#iim4. -*t<o«teRn 

{k-frW^jETLaA^-tt^ETLKliSs «*ffiA*5 <fc t*«* 

SitmSo ^laotfl iE7LttA«ii3S 

■^J:t^«^ttA«iS*^i^^^JB*K«t*t^5B<o*-?- 

TLttAttaBi, «^ftAI(i*Jii3j:OK5l*JB<0-ttt-e*x 
tf)JII4. — B»5fi-e*>oTt#B«ifi-C*>o-Ct <t< . 
ETLaAttiSB^Jit/WT-ttAilljSJitt. -tH-fn^B 
fc*5<^T, ftA««*#-*-5*4:»aS»IB«:*i--BJi«r 40 

[0 0 19] ^P^^^m^^^t^^X. 

/t li«^-ffiAttiSJ«^^ffl^ -6 r <b L < , 

fctt«-T-ttA*daS*»^ffl^-6 £ <t **J: 9 » 
*U\, *#WO^«jra#**l;i*^Tf4* 'OV 

[0 0 2 0] *3BMO*T»«ffJ83t*^^»fiKi: LT 
14. 4#l-PSS-r5tOTM4^< , (A) so 



-^^^U^-7, 1 4-^*^yB^ 

IE7LaAttiSJi/*3tH/«^ttA(«jSJi/»ffiffi3B^ 
(Hi) , (B) Hrffi/IE?LaA«i^/i/ / '^^Jl/^ 
ffl*-^ (B2) , (C) B«/»*«/«^-ttA«iaSJi 
/ttSS*^ (IS 3) , (D) ««/38#Ji/l*«S!* 
(04) *4T**lf5£J: a* Zh^l*. 3g* 
^^^T-^A^i^ilT^^A.^^^T-T^6 (E) 
»«/jE^ttA«aS»/«^ftA«ia«/i83t«/«^ 

mAmmm/mmmm* (as) ^t5:nx'^ 0 

*fc. ( F) jETLttAttiill»#. »*J*»*5j:OTlT-tt- 
Attaint «*S*fc-JB*lBT-#o«««l«c:«» 

S-frfcfBO)*^ (H6) . (G) EftaAtti£j«#*3j; 

S-frfcffiO** (B7) , (H) £Xfm,*®L 
AttiSrt»*fi^ S*fc-JB ®»^-»^«ffiPn1«2:»« 
SiirfcSiO** (BI8) t-r-Br^fcT-^ft, 
*««#*#**K:fct^Tf4. rixfc^*-T-»ric(2:Pfi5 
fc<0"CI4*<, ^rtL-PnoS^ai^^^^T. IETLSiA 

iksji* m^ttAnayesrKftWKitfco-rs 

(4. (a) si**, (b) (o mm** 

(E) 11**, (F) mm*. (G) l!**^fc*4 
(H) ffl**"C*>9. £<biw#£L<l4, (A) 

*. (b) mm*, (c) a»**, (f) ai***fctt 

(H) 1!**-C*>*, 

[0 0 2 1] *«P^<0«"*«JH6*ai-?-«-o^-C(4, M 
(Hi) t-^-T (A) »<S/jE?LttA*(iiSJi/» 
^■/•■T-ftAlftiSHi/ftWffl^tairttWi-S. 

(Hi) (d*5^T, K4StR, 2(4^«e, 3f4iE?L^A 

mmm* 4n&ytm. 5f4m*^A^ii^, 6*4»«. 
7 i4m^&7jH-o 

[0 0 2 2] *38WO»»«»ai3t**f±. Sfil 

SIX, Mx.ll tfyxWL. &W?7X7-y*is-b 

^h>^^ffi^->- ha*fe*-6 5>ci:asr-# 

60 ISC, «Atf. ^y-^^/u^-flg, ft 

[0 0 2 3] (1f^2^UTI4, tb|!Etttt*H»0*#t> 



(9) 



WHIflsp 10-168445 



15 

^7-^^ s<-ri/$j*, z^?^^. mt»* mt 

ITO M^^'T^-tWF) , # 
y^^-Voi^, #y tfo—/W* if £3£if 

«jttf, mmm. y ^r&wjjmzx 

KT, «fc!3#*L<li, 5-5 0Q/Dgg(^t 

i>K — Jttl-* 5-1 0 0 0nmg5, <t9ft£L<li. 
1 0 - 5 0 0 n mMt^^t^o 
[0 0 2 4] jETLaAttliSJB 3 I*. Kffij&»5s<OjE*L (* 
-/vO oB-A*£fit;:-*-<&8Me. *3j:^ttA*ttfcjE?L 

TLttAMiaSJitt. ^v:/^Tir^^u^RS&:fc«fctf 
tK7/>B»*, ^f;w<yR*#, f7/y>Si 

^oiiwft, ^y^^^^^^oRWft:. 

m^TMl8rrzz.k&T*%Z>o BS. ]E?LttA«ia&«te«: 

[0 0 2 5] *«?«t^t^Tfllt^tt,^iE7LaAM!iaS« 30 

(W;ttf. 4, 4' - /V-N- (4" 
-^^/U^^— yU) T ^ y ] f^^— /K 4, 4' - 1' 
* [N-^^^/U-N- (3" f/U7x^-/U) 7^; 
y ) fc*:7j^/K 4, 4* — tr* /U-N- 

(3" h*S/:7*:=./U) T^y] t'^^-^K 4, 
4 ' - fx [N-^^^/U-N- (1" -t7f;w) T 
^ y ] t'^m^-zu, 3, 3* -5^?vU-4, 4' -tf 
X [N-"7^^/U-N- (3" -yf^7x^U) T ^ 
y] l, 1-fcT* [4* -[ N, N-v* 40 

(4" -^f;U7x=:;U) T ^ y ] 7x- /u] ">^d^- 
^r-^^, 9, 10-^ [N- (4* -/^vU^^ — 
/u) -N- (4" -n-^f;U7x-/u) T y ) 7^ 
fyhl^y, 3, 8 - fcf* (N, N-v7x^/U7 S 

y) -6-7x^;u7xtyhy^y, 

N, N-tT^ C4" , 4"'-fcf*[ N* , N* (4 
-^^vu^m—AO 7;/] tT7*=./U— 4 ->f/l0 T 
= yv, 4, 4' , 4" -M* [N- (3 ,,, -^^U 
7 otn/U) -N~7x-/U7 ^ y] hy7x^;W7^y 
4 if) , 3Ky^^-7o:^*3J:t/*^B»ft, y — N— so 
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ir 7 ^ u t «!<DjETLttAttiSttlffi**r-r -5 ft 

^4*«:0MH-*»£\ lETL^A^ii^^id^^^-o-y 

OTir-^^^u^^^fJ^^. »* L< tt. 0. 1 

- 4 0 H%gfl:lS!t5o 

[00 2 6] $S7fcJl4fi. ETL^SiWm^aAWfB. 

te^S8*«IB«r*-r***tt^1fc r^y K 

^R»tt^ *-^y b*>mm»* *«»*BHfr&4fc w 
-<y ^yir^. 7^*>^y, ^o^y^ f h7 

-7 a^^-jV^V n^<>^ 7 jn — /U->^ 

Isfis^ls* 9, 1 0-y7xx;ury h^irV. 9, 
10-t'7 (77aL^^rc^^/U) V y±>. 1, 4 

— t'X ( 9 ' -xf^/ury h yii=-/i-) ^<^ifV N 

4, 4 ' - fc'x (9" -zc^^/WT^ h^ir— /U) t'^ 

x fi-figftjRtttt tw^tf, hy^ (8-^yy 
y^— h) T/u^ — trx (10 — ^yy[h] ^f-y 
y y 7— b) -<yy^, 2- (2' - 1 kp^>7i 

^./u) ^^v'^-^fih^— /UCO^fe^, 2- (2' - 1 K 
n^f y7xx;u) ^y/f7/-/K^)Iiffi, 4 — t K 

tf. 1, 1, 4, 4-fh77x^/U-l, 3-^^v? 
^>-. 4, 4 ' -t'X (2, 2 -i/7i- /UtT^/U) t' 

-^y>6. ^vyy7, ^T!)y30, ^vyyio 

2. ^-ryyi53, ^-7yy3 0 7, ^-^y^3i 

1. ^^yy314, ^-ey>3 3 4, ^vyy33 
8, ^Tyy34 3, ^tU>5 0 0) , 

DCMU D CM 2 ) . ^-=¥ + y r ^«8H*: 

^y/t^ty-^*,-<y/^ ^ 

fle. t'7^^i|*, 4r-fJt»*^^/^Ri»*. *y - 
N - b'^/u^ A*/* ^-/u*5 J: t^-t <Z)R*(*:, -sK y 
^vjsiV-toRWftc, ,f y7x^uyj6J:^oRi 
>*Ky 7/u^-uvioJ:tf-toK^x ^y7x-uy 
t'— u^isJ:0f*(?5RWft. /fllt^x-i/yt'-i/y 
isit^'troRWft:, ;Ky ^-7x^uyt^uy^j;iF 
troRSfl:, 3Ky^7^uvtf=u^*3J:V-tOBI3t 
ft, ^yfx^uyt^uyjoiWiDSi^W £ 

mt7fi/ >R«fr i teo**»IB 5 

u>R^^Sij^l^ £P*L<li, 0. 001—99. 
9 9 9li%SS, J:!9ft*L<(i, 0. 0 1—99. 
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9 9lt%SI, £ L<fl. 0. 1-9 9. 9 

[oo27] *%mz&\<^x m^z<&<D^ftmife : k&-r 

t\ Will J. Appl. Phys., 65. 3610 (1989) . 4$M 
¥5-2 1 4 3 3 2*^«^Ett^J:5^. ^3feJl^^ 

(Q) 3 -A 1 

(Q) 2 -A 1 — O — L 

tat, Qiim&8-*y y y 7— hBMfc^&su o 

(Q) 2 -A 1 -O- A 1 

(at. Qtt«*8-*y y y 7- hKffi-^SrSrt-) 

[0 0 28] X3M£^&fti>#aAfr0«£: Ltli, « 

sy* (8-^yyyy— h) t^s^a, h 
y ^ (4->f/u-8-^/y;7-h) r/u^^ 
a. hy^ (5-yf^-8-^;y>/7-h) ta-^ 
hy*(3, 4-^f^-8-^;y;7- 
h) 7/^;^^a, hy^ (4, 5 -^y ^/u- 8 
;y;7-h) r^^r>A x hy* (4, 6-^y^ 
/u-8 -^y y y 7— h) t;u^^!>^, t*^ (2 -y 
^-8-^yy;7-h) (^^y^— H t/u^ =- 

t'^ (2-^f/u-8-^yy;7-h) (2 - 

^f;U7xV7- h) TV^S— tr* (2-y^A- 

-8-^yjJ;7-h) (3->Wx;7-H r 
/u^ - r^^ N tr* (2->f/u-8-^yy;7-h) 
(4-y ^/u^^y ^— v) r/is^~ t'^ (2- 
y^/u-8-^y y/7-h) (2-7x^7x^7 
-h) tvu^~£^ t*^ (2-y^u-8-^-y y y 

t** (2-y ^/u-8-^y y y 7— h) u-^- 

/U7x/7-h) T/l^~£i^ f * (2 -y ^/u- 8 

-^yyy^-h) (2, 3-^f^7xy7-h) 
T/i^~£J^ t'* — 8 -^f y y 77- 

h) (2, 6-v^^f/U7xy7-h) T/U^-^i^, 

tr* (2-y ^/u-8-^y y y 7— h) (3, 4-^ 
y^/u^^y^-h) ta-^-£^ t'^ (2-y^/u 

y 77-h) (3, 5-^>f/U7x/7- 

h) 7/u^!)A N t** (2->f^-8-^;y;7 

-h) (3, 5-^-tert-^/U7^y 7— h) T/U 

t'^ (2-y^/u-8-^ry y y 7- h) 

(2, 6-^7x-;U7xy7-h) 

[0029] t** (2->f/u-8-^yy;7-H 
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RattflsSr, »*L<«, 0. 0 0 1-4 0lt%SI, 

«fct)#*L<tt* 0. 0 1-3 0lt%gS, 

U<tt. 0. 1-I0ll%ifittfflt5, ^<y/^7 

-CMC, WJdPfi^i-St^T-li/i^d^ »#tt*r«T/US 

«*tf* -tt* (a) ttA (c) -CSSiiSMtt 

mmr/is * - r> A«flsS:*if -5 c £ *s-e# £ 0 

(a) 

(b) 

$i*et*» 6-24 ^s{k*****-r) 

- (Q) 2 (c) 
20 (2, 4, 6 - h y !V7=^J 7— h) 7V^$=- £ 

tr* (2-y ^/u-8-^fy y y 7— h) (2, 

4, 6-hy^f/l^7x;7-M 7/U^ ~ fcTJX 
(2-^f;U-8-^y y/7-h) (2, 4, 5 ( 6 
-7h7^f^7x/7-h) 7/U^^^ t'^ (2 

-y^/u-8-^y y y 7— V) (1 -t7 h ^— h) 
tvus = t*^ (2-^f/u-8-^;y;7- 

h) (2-t7h7-h) T/US = *-^ t'^ (2, 4 

- ^y ^/u- 8-^;y;7- h) (2-7x-/u7x 
y^— h) — £^ t** (2, 4 -^y ^/u- 8 

30 -^yyy^— h) (3-7*=/u7x; 7— h) r/u 
^ tr* (2, 4-^f;u-8-^yy;7- 

h) (4 -:7*=. ^7xy 7— h) 7A-S~£A N t'J* 
(2, 4-^f/U-8-^;!)/7-h) (3, 5- 

^/i^^y ^ — h) t/u^-^a % t'x (2, 4- 

i>^/^8-^yyy7-h) (3, 5-v?-tert- 
y^/U7xy7 - h) T^-^i*. 

[0030] fc** (2-^f/u-8-^;y;7-M 
r/u^ m -t^y- tr* (2 -y ^/u- 8 -^r 

;y;7-h) t/u^-^a, tr^ (2, 4-^y^/u 
40 - 8-^y y/7-h) 7;u^^A- M -t^y-e' 
^ (2, 4-^f/u-8-^;yy7-h) T/U^^ 

t'^ (2-yf/U-4-xf/U-8-^yyy7 

— h) t/u^: — ^a-m -^y-tr^. (2-y^/u- 
4-xf;u-8-^yy;7-h) r/u^ - r>^ s 

(2-y5vU-4-y h^ry-8-^r7 y/7"H T 

-^-^-y- 1'^ (2-y^/u-4-y h 
y;7-h) r/u^^^^ x t*^ (2- 

yf/U-5-y7/-8-^y y/7-h) T/U5:^^ 
J±- v -3r*y - t'^ (2-yf/u-5->7y-8- 

50 =¥yyy^— h) (2->^/u-5 
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*?J*-n V- fc'* (2 -p«?vu- 5- h y -7^* 

[0 0 3 1] «^-&Atti3£JB 5 ii^^toi^^a 
A«r#Afc-*-5»fB. ■tU-CttA**tfcm : f*:lfta&i-5 

lit ^^y^Tiri-7^u>'^**5J:U ; /^^clite 

^«^aA«is«iB**-r-5<b*» ww&* 10 

hy* (8-^;y;7-h) ta^ ^ 
tr^ do-^y/ih] ^yyy7-h) -<y y 

R**4« t*4< i: t 1 affl^TJBfitfa ^ i: d 5 ^ 

o«^aAttis«iB*wi-5^k*«*rWffl-r6»&. « 

^aAttiSJB^^i&ftS^^^^Tir^^^u^ttWfls: 
<7>»£i*. »* L < liv 0 . 1 l*%JBUb* J: 9 U 
<l*.vO. i-4 0ll%g«, S*>l;i»*L<tt. 
0. 2^3 0li%8«, Wc#*L<li. 0. 5-2 

j&st (a) (c) T-*£ix5ft;<&tt] fcttffl L 

T\ m ; ?-aA*(liSJB*:JIgj*-*-5ri:tt»*Lt\ 
[0 0 3 2] |^^6^bTli, tb«Wtt*B8»0/hSt^ so 

tt. y^e^, y^**-^^*-^^ 

h y h y y ^ 
j*^ — r 

4^*s*?J*^ /Ut—ZJ*. ^?~$J*, 

h£<. *>5tM±*Ji»iST-fcort,J:t\ ft> l*«<0 

-f&i^ 5-lOOOnmgg, i9»*L<li v 
1 0-5 0 0 nmM(:^ft5o ft. *««IW§3fc* so 
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t < . -tttw % 3S#3te<OiSiB*# 7 0 %£JUt t 
[0 0 3 3] ^Pj£DW^m^7fe^t-*5^T 

— y^/UjSft:. v^^n/M' V<<lsV-7 7>>tiLlZ&m j t 

iiCDX-nf^^K #*L<li. *3tJi*fettjE7LttAlli 
iH/lT-fc9. J:9»*L<li, jE7LttAttiSS-C*>5. 
ft. ETL^IftiSJll::— l^KSI^^ir- 

Sr^rS^SW^ jETLttAWiaW*^*-^*** 
tt)J;<, jETLffiAttiSWi (0*;ttf. 

m. jsftaiBtr^s^^ttAttas) ^isw^** 

(±. ^*r£*L5JI ETLttAttiiaB) SrWfiK-T 

Z>3L&m<O0. 0 1-5 011%, »*U<tt, 0. 0 
5-3 011% J:9»*U<tt, 0. 1-2011% 

[0034] jE7LaA«ay§, ^*Ji. «^-aAtta&Ji 

a— hffi. p-/^- ^Vi/^^T-^Dif 

1 0- 5 TorrmSJWT^^TX% 5 0-4 0 OtgS© 
^-hr^S 08#jHma) , -50-3 00t^SoI 

«ffifl[-C. 0. 0 0 5 — 5 0 n m/sec S^O^^^S 
t**t-5^ti 5 »*U\ iEa^A^iill 
JB. « J f-ttA«iS»*^#Jltt. JtSTT, it 

9. IE?LttAttaW, «*ttAIWiS»*f<0*Jl 

[00 3 5] i^Sia 9 , *JBSrJg«i"S»&, 
TLffiAKHUJi, ¥&ytm. «^ttA«liSJB^*Jit-fl6ffl L 

/u^/u/<y-/K ^yryu— h. .-Ky^^u^, #y 
^y **f-iv* y ^y^— r/K ^y^— 
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h , y r s h\ # y >r s h\ # y t ^ hv ^ 
Ks #y /tfy^u>\ #57x^i/y 

.t^ORtft, tfy^^^fcit^tORWft:, 
>*3J:t^-t^RWft % ^y f-jinu^trnu-^J:^ 

[0 0 3 6] SJR^flTfttd J: 9 . *Ji*?BfiEi"S*-&, 10 

iBSttffiSi&tt («;ttf* 

"rill/, 3f->l">\ n^/l^^-if >\ 1 — p< 

^ u^3^/ ^<D^r i^ou* 

hU^PP^^>, f h7^o V N ^pp 

^<>"\? > v n o^yify, ^pp h/i^n^^GD^p 

^wbfiHb*#»*Bk «^tf, rr^/k mm^=f- 20 

/Htp V/KA m^u>^"y =3— /u^cor/u-=i— 

N, N-^y f/^t/UAT ^ h\ N, N-i/^f/wrt 

hr-; h\ 1-^^/1 — 2-b e py k>\ 1, 3-^^ 

S 0 ft. ^SJc-re^fei: *wH£t5tO-Cl4 

— 0. i-5 0lf%^ ff* 

S^tl^LT) . 5-9 9. 9lt%8«, ff* 
L<li. io-9 9Ii%SSs J:9ff*L<l±, 15 
- 9 0 *4%aS^K3Ei-S, 
[0 0 3 7] lETLaA^iUJi, «^ftA*HiSJi 

5 n m~ 5 /i mSS IwRfitS ^ i *5ff * Ll\ 
ft, fl«Lfc»*fc»U *» J ^*»*tWie*SrB6± 
m»tf, <»Jhli) 4:Rltfc!K SfcSiT- so 
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-sK>tt*if o^iStt*Ktt=:*tA Lt«»i- 5 4 ti- 

>% TKy^^-r/K >-Ky>t7— tf*— k #yrsi*\ # 

y S K. #y K-f S h\ jKy 

ai^u^. #y ^^^u^^-^ri^-r k) . (m 
AJRBMt;*, #J^^{t:^)s 4fe«KsR<fc'», 

U Tffiffii- 5 1 1> So 

[0038] ^isw^^raw;****^**, -^t-, b: 
^ tw^-r s r 4 So 

[0 0 3 9] 

HffiM 1 

i^2 0 0 nmOITO^lI (MS) ^^T-TS^^ 

^Ste^. rirh>-. ; -^zm^xm 

i-H*Lfc«, ifM3x 1 0- 6 Torri^/EL^ 0 * 
*r, 4, 4' -t*^ [N-"7^^/U-N- (3" -y^ 
/W7^^;U) T ^ y) \?y^~?\>%:^ 2n 
m/sec t-7 5 nmOl^ClfU IE^AI8^4 
Lfc c ^t^T\ ^^±ir % t'^ (2-y^-8-^ry 
U77-h) (4-7x^/U7xy7-h) T^^^^ 
At^^y[l:2-a.3:4-a']^rir^-7^U'^ 

0. 2nm/sec t5 0 nm^f ^fl:*if (litkl 
0 0:0. 5) U ^*S4 L^i 0 ftiC. h y ^ (8- 
^;y;7-h) r/U^-!>^S:x SK»MS0. 2 nm 
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/sec T*5 0 nmOlJClfU m^&AfS^JI t U 

0. 2nm/sec t*2 0 0 nmOJ|$l:^Sf (Mgtt 
10:1) UTilt tll^m^ltiL 

fc. fPKLfc*««JHB3te*^lw, KM^H^T. 1 2 
VOiSjSlE«E*BliDUfci:r^>, 5 5mA/ciD 2 O^itfe 
ASffltbfc. »g2 2 5 0 c d/m 2 a?afe<75«** 5 «B 

[004 0] MlfoM 2 — 19 

#* i o^fti^tit^^b t) m^it^mm^ 3 
<aft;*«> (iti£«2) . m^it^mm^s<Dit^ m 
mm 3 ) . mmt-sm^ i o <o\\^m (sasw 4 ) . 

1 7 <o\\L%m mmm 5 ) , w^t-fr* 

7 ) , 0J*WtfrW*# 3 9 (Dit&m (31 
t£«8) . «*Mb&«**4 \<oit^m (3IJ6W9) . 

^#•^-4 5<Dit&m immmi i) . «wb*«#f s 

OOj^ (Stt6«l 2) . w^<k-fr»#-»7 

«9 (HJSWl 3) . tH^fb&tt** 9 3^t-&» (*Ms 

«i4) , o $<D\\L%m mmw 

5 ) , -w^ft-fr w»* 107 <Dik<&m mmm ie) , 
«wt**#t iio m\&m (ii*fi« i7), 
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■&*3#-j§- ii6 <o^$& (H2fi« is), m^it^mm 

-§-1 2 9) fcffifflLfcfiJWli. n 

%01 l «wffi«tO*tt^ J: 9 WfcWSitS^F-SrfftK U 

[004 1] JtRM 1 

#^l^*b^£«ffl^-ft^ tr* (2 -^^/u- 8 - 
10 ^;y;7- h) (4-7xn/i,7x/7-h) T/i^ 

atS^Srf^MUfc. ^SR^M. ft*3fH«T. 12V 
[0 0 4 2] hfceE«2 

20 (^)Mia^W«^^MLt rooSi^ 

[0 0 4 3] 



30 



40 
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